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 Annotation 
The diploma thesis proposes a structural design of multifunctional building which is based 
on the plan as a study project at the faculty. The structural system was design as a monolithic 
skeleton. The load is collected by 2-ways monolithic slabs afterwards transferred into the 
beam, column and foundation. 
The aim of the diploma thesis is to design and assess reinforced concrete structure of 
multifunctional building through my analyzing. 
There was chosen the class concrete C30/37 and steel B500B. The main parts of the work 
are technical reports, all made calculations of the selected elements, general and detailed 
drawings. 
Anotace 
V této diplomové práce je designován strukturální návrh multifunkčního objektu, který 
vychází z plánu studijního projektu fakulty. Konstrukční system byl navržen jako monolitický 
skelet. Zatížení je dvoustrannými monolitickými deskami, které jsou poté přenášeny do 
nosníku, sloupu a základové desky. 
Cílem diplomové práce je navrhnout a posoudit železobetonovou strukturu multifunkčního 
objektu prostřednictvím mé analýzy. 
Byla vybrána třída betonu C30/37 a oceli B500B. Součástí práce jsou tehnické zrpávy, 
provedené výpočty vybraných prvků, obecné a podrobné výkresy. 
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List of used symbols 
F  load 
G  permanent load  
M  moment  
N  axial load 
Q  variable load 
T  torsional moment 
V  shear force 
B  width  
d  effective depth of reinforcement 
k  coefficient  
l  length or span 
s  spacing of shear reinforcement  
t  thickness  
u  punching shear perimeter  
z  lever arm 
c  cover depth  
Ac  concrete cross sectional area 
As  cross-sectional area of tension reinforcement 
As,req  cross-sectional area of tension reinforcement required at the ultimate limit state 
As,prov cross-sectional area of tension reinforcement provided at the ultimate limit 
state 
Asw  cross-sectional area of shear reinforcement 
Gk  characteristic permanent load  
Mbal  moment on column corresponding to balanced condition 
MEd  design value of moment 
Nbal  axial load on column corresponding to balanced condition 
NEd  design value of axial load  
Qk   characteristic variable load 
VEd  design value of shear force  
Wk   characteristic wind load  
bw  width of beam  
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fck  characteristic strength of concrete 
fcm  mean strength of concrete 
fctm  mean tensile strength of concrete  
fyk  characteristic yield strength of reinforcement 
γc  partial safety factor for concrete strength 
γs  partial safety factor for steel strength  
γQ  partial safety factor for variable loads 
γG   partial safety factor for permanent loads  
ε  strain 
σ  stress 
Ø  bar diameter  
beff  effective width of concrete flange  
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1. Technical report  
1.1 Basic description  
The project is a manufactural building, which could be used as a shop, storage or office 
center as there is the advantage of parking.   The building is consisting of 5 floors plus 
parking and basement in the ground floor. The roof of the building is flat covered by bitumen 
on the top.  
There were made some changes in the project, especially in the shape. Actually, the building 
has rectangle shape with the dimensions 23,5m x 19,8m, so the built-up area is 465,3 m2. 
The building is consisted of five columns with the distance between each other is 6 meters. 
The maximum span of slab is 8m x 6m.  
 There were designed staircase and elevator to serve the vertical communications. 
1.2 Materials  
Reinforcement B500B  
Concrete C30/37 characteristics:  
Compression Strength of concrete fck = 30 MPa  
Tensile Strength fctk, 0.05 = 2 MPa  
Mean Tensile Strength fctm = 2.9 MPa  
Ultimate strain εcu1 = 0.0035  
Reinforcement steel bars B500B characteristics  
Characteristic yield strength fyk = 500 MPa  
1.3 Partials factors  
γc = 1.5 for concrete in ultimate limit state  
fcd = fck /γc = 30/1.5, fcd = 20 MPa. (Design value of concrete compressive strength).  
The strength properties of the reinforcement are expressed in terms of the characteristic 
yield. 
Strength, fyk.  
γs = 1.15 (partial factor for steel strength)  
fyd = fyk/1.15, fyd =500/1.15 = 435 MPa (Design yield strength of reinforcement). 
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1.4 Loads  
The loads on building are divided in two types: permanent loads and variable load. 
Permanent loads for slab include self-weight, partition load and dead load. Variable load for 
slab includes live load. 
 Permanent loads for roof include self-weight and dead load. Variable loads for roof include 
snow load and wind load. 
1.5 Structure system  
The structural system is monolithic skeleton system for both floors - ground floor and for 
regular floors. The building includes slab, beam, column, staircase, wall. 
Slab  
The slab 200 mm thick is supported on all four of its sides so it effectively spans in both 
directions. Sometimes it is more economical to design the slab on this basis. The slab is 
rectangular therefore more of the loads will carry in shorter direction and less in longer 
direction. Moments in each directions of span are generally calculated using table coefficient. 
The area of the reinforcement resists the moments which are determined independently for 
each direction of span.  
Beam  
The beam with the height 300 mm and the width 300 mm reinforcement concrete of beam is 
designed in typical floor consists primarily of producing member details which will 
adequately resist ultimate bending moments and shear forces.  
Column  
The column in a floor carries the loads from the beams and slabs down to the foundations. 
The design of the columns is governed by the ultimate limit state, deflection and cracking 
during service condition are not usually problems, but probably correct detailing of the 
reinforcement and enough cover are important. The dimensions of the columns are 
400mm×400mm, but from the third floor the column dimensions decrease into the with 
350x350mm.   
- 14 - 
 
Staircase 
There is designed staircase to serve the vertical communications from the ground floor up to 
the roof. The design of the staircase is the two-flight staircase type carrying in two directions 
and supported by load bearing wall.  The dimension of each stair is following: Height 
170mm; Depth 290 mm. 
The staircases are made of concrete. 
Wall 
The external wall is made of concrete, split into 3 stages – stability analysis, bearing 
pressure analysis, member design. There is used the thermal insulation EPS Grey Wall Plus. 
The thickness of the walls is from 250mm to 200mm.  
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1.6 Foundation 
The building is generally composed of a superstructure above the ground and a substructure 
which form the foundation below ground. The foundation transfers and spreads the loads 
from structure’s column and wall into the ground. Geotechnical design and classification of 
subsoil is according with EN-1997: Eurocode 7. For the reinforced concrete the value of load 
bearing angle is 30o-45o. The thickness of the slab foundation is 400mm. 
1.7 Insulation 
Thermal insulation EPS Grey Wall Plus with thickness 250 mm is used for external wall and 
roof structure. XPS insulation is used with thickness 150mm and 100mm at the bottom part of 
the building.  
Inside the of the basement is mineral wool insulation (thickness 150mm) applied on ceiling 
to separate heated and unheated space. 
To protect the building against moisture is used the hydrophobic silicon plaster at the 
ground level.  
 Bitumen waterproofing is present in basement slab and roof slab. In both locations, two 
layers are used. To insulate foundations, epoxy paint is used. 
Acoustic insulation layer is used on the slab (thickness 50mm) and around the slab 
(thickness 20mm) to prevent transmission of impact noise.  
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2. Structural analysis  
2.1 Dimensions of elements 
Depth of slab 𝒉𝒔 
For two-way slab 
Cover depth (C) 
Empirical estimation    hs =
1
75
(lx + ly)  where lx , ly are the dimension of largest slab: 
 hs =
1
75
(8 + 6) = 0.187m 
 𝐡𝐬 = 𝟏𝟖𝟕𝐦𝐦. 
 
Figure 1-Plan of the building 
Cover depth (C) 
C     =Cmin + ∆Cdev.    
 Cmin =max (Cmin,b, Cmin,dur, 10mm).  
∆Cdev=10mm technology allowance.  
Cmin,b= 10mm cover depth necessary for good mechanical bond between steel and concrete. 
∆Cdev=according to the exposure class related to environmental conditions EN-1992-1-
1:2004 (xc2). 
Cmin,dur=15mm (the max of 3 values). See the table (cover depth necessary for good 
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resistance to unfavorable effects of the environment). 
Cmin =15mm; C=15+10=25mm the cover of depth C=25mm 
Figure 2 -Table of exposure classes related to environmental conditions1 
 Effective Depth (d) 
d =hs-c-
∅
2
=   187-25-
12
2
= 156mm the effective depth. 
Span/depth ratio (bending slenderness) 
λ =
l
d
< λlim  →  λlim = kc1kc2kc3λd,tab , Where l is the minimum span of the slab, 
kc1=1(effective of shape), kc2 = 1 (effective of span), kc3=1.2(effective of reinforcement), 
λd,tab =30.8 according to the concrete class (see table) 
Figure 3 -Table of inner span of the continuous beam/slab2 
                                                 
1 EN 1992-1-1, December 2004. s 51 
2 Bílý, P. Seminar of the Concrete structures, Praha: Ceske Vysoke Uceni Technicke, 2014. s 10 
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     𝜆 =
5600
156
→ 𝝀 = 𝟐𝟓. 𝟖𝟗 
 𝜆 ≤ 𝜆𝑙𝑖𝑚     25.85 ≤ 36.96 
Structures designed to meet this condition are safe. 
 suggest hs=200 mm, ds=156 mm. 
Dimensions of beam  
Figure 4 -Shape of beam 
Height of beam (hB) → hB= …where l span is largest  
Span of slab 
hB=(
1
12
~
1
15
) 8000 × mm =667mm~534mm 
 hb=570mm. 
Check stiffness of beam, if it is sufficient or not! 
hB ≥ 2.5 hS → 500 ≥ 2.5× 200mm → 500 mm≥500mm! 
 The condition is fulfilled  
 𝐡𝐁 = 𝟓𝟎𝟎𝐦𝐦  
    Width of beam (bw) → estimation bw = (
1
3
~
1
2
) hB, bw = (
1
3
~
1
2
) × 500mm 
bw = 166.7~250  
  𝐛𝐰 = 𝟑𝟎𝟎𝐦𝐦 
for all building the dimensions of beams:  
BW = 300 mm, hB = 300 mm 
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2.2  Loads 
Slab load 
Permanent load (𝐤𝐍.𝐦−𝟐) 
Slab load Characteristic( k𝐍.𝐦−𝟐) 𝛄𝐆 Design value(kN.m
−2) 
Self-weight 0.2×25=5 KN.m−2 1.35 6.75 – LC1 
Partition load  1 1.35 1.35  
Dead load 1.75 1.35 2.363 
Figure 5 -Table of permanent load of slab 
Variable load 𝐤𝐍.𝐦−𝟐 
Slab load Characteristic( k𝐍.𝐦𝟐) 𝛄𝐐 Design 
value(kN.m−2) 
Live load 3 1.5 4.5 
Figure 6 -Table of variable load of slab 
Roof load 
 Permanent load 𝐤𝐍/𝐦𝟐 
Roof load Characteristic( kN.m2) 𝛄𝐆 Design value(kN.m
−2) 
Self-weight 0.2×25=5 k𝐍.𝐦−𝟐 1.35 6.75 
Dead load 1.56 1.35 2.11 
Figure 7 -Table of permanent load of roof 
 The total permanent roof load is 8.86 𝐤𝐍/𝐦𝟐. 
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Remark 
Figure 8 -Composition of slab 
The data design from typical floor: 
Tiles=0.32 kN/m2 
Glue=0.05 kN/m2 
Acoustic insulation=0.026 kN/m2 
Leveling concrete=1.2 kN/m2 
The total data design dead load from typical floor =1.75 kN/m2 
The total permanent load =10.46 kN/m2. 
For SCIA program total permanent load = 2,75 kN/m2 
Remark 
Figure 9 -Composition of roof 
The data design from roof slab: 
2x bitumen=0.11 kN/m2 
EPS insulation; (Polystyrene)=0.1 kN/m2 
Leveling concrete=1.2 kN/m2; Services=0.15 kN/m2 
 Total data design dead load from roof slab =1.56 𝐤𝐍/𝐦𝟐. 
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Wind load 
qb =
1
2
× 1.25 × 252     𝐪𝐛=0.392 𝐤𝐍.𝐦
−𝟐 
Height of building =14,5m 
IV – category of city  
From diagram ce(z) = 1.5 
  
Figure 10 -Table of external pressure 
The design value of wind load → wk = qb × ce(z) × cpe: 
wk = 0.391 × 1.5 × 0.8 = 0.5 kN/m
2 
Figure 11 -Distribution areas of wind pressure on the roof 
wk = 0.391 × 1.5 × −0.5 = −0.3 kN/m
2 
part A B C D E 
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Perpendicular wall  
wk = 0.391 × 1.5 × −1.2 = −0.7 kN/m
2 
Figure 12 -Table of exposure factor, based on the type of terrain and height of building3 
Snow Load  
Figure 13 -Map of the snow load in CR4 
                                                 
3 Bílý, P. Stuffebubg walls, Praha: Ceske Vysoke Uceni Technicke, 2017. s 9 
4 EN 1991-1-3, 2005 
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Snow category II – Prague  
Characteristic value of snow load 
sk = 1.0 kN/m2 
Factor according to exposure normal: Ce = 1,0   Ct = 1,0 
Coefficients of snow load - for the roof α = 2°   μ1 = 0,8  
 Snow load value: s = μi ∙ Ce ∙ Ct ∙sk = 0,8∙1,0∙1,0∙1,0 = 0,8kN/m2 
Snow load = 0,8 kN/m2 
Figure 14 -Distribution areas of wind pressure on the roof 
Variable load 𝐤𝐍/𝐦−𝟐 
Roof load Characteristic( 𝐤𝐍.𝐦−𝟐) 𝛄𝐐 Design value(𝐤𝐍.𝐦
−𝟐) 
Snow load  0.8 1.5 1.125 
Wind load   0,3 
Figure 15 -Table of variable load of roof 
  
- 24 - 
 
2.3 Static analysis of the building 
Figure 16 -3D model of the Multifunctional building 
Loads applied on model  
The self-weight load calculated by software 
Partition load + floor loading + roof loading +stair case load  
 
Figure 17 -3D model of the multifunctional building with loads 
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Figure 18 -3D permanent load model 
Variable load 
Live load + Roof load even  
 
Figure 19 -3D variable load model 
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Live load+ Roof load odd  
Figure 20 -Live and roof load 
Wind load  
Figure 21 - 3D wind load model 
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Snow load  
 
Figure 22 -3D snow load model  
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3. Foundation design 
 
 Figure 23 -Composition of foundation 
The results of site investigation report use below borehole log. 
Brief description of the borehole log: 
 0,00 -   0,30m Top soil 
 0,30 -   1.60m Fine silty sand, medium dense   Eoed = 18 MPa 
 1,60 -   3,50 m Fine sandy silt, firm (silt with - low plasticity) 
 Eoed = 12 MPa 
 3,50 -   8,20m Fine gravelly coarse sand, dense 
φ´= 20°, c' = 30 kPa,  γ = 20,0 kN/m3 , Eoed = 20 MPa 
 8,20 - 12,70 m River deposits - sand to sandy gravel poorly graded,  
Eoed = 40 MPa 
12,70 – 14,50m Weathered shale 
Eoed = 35 MPa 
14,50 – …  Slightly weathered shale 
   Rock base 
Ground water level: 1,80 m indicated by boring 
For the reinforcement concrete the value of load bearing angle is (300 -450). 
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3.1 Stress on the foundation  
𝛔𝐝 = 𝟐𝟎𝟏. 𝟐 𝐤𝐏𝐚 
Figure 24 -Stress on the foundation 
3.2 Bearing estimation of the subsoil  
Figure 25 -Table of bearing capacity5 
𝐑𝐝=705.455 kPa the design strength of subsoil.  
𝛔𝐝 = 𝟐𝟎𝟏. 𝟐 𝐤𝐏𝐚.  ≤ 𝐑𝐝= 245 kPa …. ok the design is safe and economic. 
  
                                                 
5 https://www.slideshare.net/HarigovidSreekumar/bearing-capacity-of-soil-final, 27.11.2018 
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3.3 Bending moment  
Bending moment on the support direction x  
MEd,slab,F = 320 kN.m. 
Figure 26 -Bending moment on the support direction x 
The design of reinforcement of foundation 
d =hs-c-
∅
2
  = 350 – 50 -
12
2
= 294 mm the effective depth.  
z=0.9d, z = 0.9 x 169 =264 mm 
The required reinforcement:  AS,support, =
MEd,support1 
𝐳 .fyd
 = 
320
 264 .435
= 2786 mm 
AS,support= 2786 mm
2 
9 bars with 20 Ø diameter,  𝐀𝐒.𝐏𝐫𝐨𝐯,𝐬𝐮𝐩𝐩𝐨𝐫𝐭,= 9×𝛑×10
2=2830 mm2 
Position of neutral axis: x =
AS.Prov,support,1 .  fyd
0.8.b.fcd
= 
2830×435
0.8×1000×20
 = 76.9 mm 
ξ = 
76.9
294
 ≤  ξ bal = 0.6 ,  ξ bal =  
ℇcu
ℇcu+ ℇyd
  
ξ = 0.26 ≤ 0.6 ok 
Lever arm: zsupport= d-0.4.xsupport= 294 – 30.7 = 263 mm. 
Bending moment of slab at support = MRd, support =AS.Req,support, × fyd × zsupport, 
    = 2830 × 435 × 263 × 10-6 = 39.3 kN.m. 
MRd, support = 373 kN.m ≥ MEd, support= 320 kN.m..Ok 
Bending moment from mid-span direction x 
MEd,m = 220 kN.m. 
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Figure 27 -Bending moment from mid-span direction x 
The design of reinforcement of foundation 
d =hs-c-
∅
2
  = 350 – 50 -
12
2
= 294 mm the effective depth. 
z=0.9d, z = 0.9 x 169 =264 mm 
The required reinforcement:  AS,mid−span =
MEd,mid−span 
𝐳 .fyd
 = 
220
 264×435
= 1915 mm 
AS,mid−span= 1915 mm
2 
7 bars with 20 Ø diameter,  𝐀𝐒.𝐏𝐫𝐨𝐯,𝐦𝐢𝐝−𝐬𝐩𝐚𝐧= 7×𝛑×10
2= 2200 mm2 
Position of neutral axis: x =
AS.Prov,mid−span .  fyd
0.8.b.fcd
= 
2200×435
0.8×1000×20
 = 59.8 mm 
ξ = 
59.8
294
 ≤  ξ bal = 0.6 ,  ξ bal =  
ℇcu
ℇcu+ ℇyd
 
ξ = 0.2 ≤ 0.6 ok 
Lever arm: zmid−span,= d-0.4.xm= 294 – 23.9 = 270 mm. 
Bending moment of slab at mid-span = MRd, mid-span =AS.Req,mid−span × fyd × zmid−span = 
2200 × 435 × 270 × 10-6 = 32.9 kN.m. 
MRd, mid-span = 287 kN.m ≥ MEd, mid-span= 220 kN.m..Ok 
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The bending on the support moment direction y 
MEd,S = 320 kN.m 
 
Figure 28 -Bending moment on the support dicrection y 
The design of reinforcement of foundation 
d =hs-c-
∅
2
  = 350 – 50 -
12
2
= 294 mm the effective depth.  
z=0.9d, z = 0.9 x 169 =264 mm 
The required reinforcement:  AS,support, =
MEd,support1 
𝐳 .fyd
 = 
320
 264 .435
= 2786 mm 
AS,support= 2786 mm
2 
9 bars with 20 Ø diameter,  𝐀𝐒.𝐏𝐫𝐨𝐯,𝐬𝐮𝐩𝐩𝐨𝐫𝐭,= 9×𝛑×10
2=2830 mm2 
Position of neutral axis: x =
AS.Prov,support,1 .  fyd
0.8.b.fcd
= 
2830×435
0.8×1000×20
 = 76.9 mm 
ξ = 
76.9
294
 ≤  ξ bal = 0.6 ,  ξ bal =  
ℇcu
ℇcu+ ℇyd
  
ξ = 0.26 ≤ 0.6 ok 
Lever arm: zsupport= d-0.4.xsupport= 294 – 30.7 = 263 mm. 
Bending moment of slab at support = MRd, support =AS.Req,support, × fyd × zsupport, 
    = 2830 × 435 × 263 × 10-6 = 39.3 kN.m. 
MRd, support = 373 kN.m ≥ MEd, support= 320 kN.m..Ok 
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The maximum bending moment from mid-span direction y  
MEd,m = 75 kN.m. 
 
Figure 29 -Bending moment from mid-span direction y 
The design of reinforcement of foundation 
d =hs-c-
∅
2
  = 350 – 50 -
12
2
= 294 mm the effective depth. 
z=0.9d, z = 0.9 x 169 =264 mm 
The required reinforcement:  AS,mid−span =
MEd,mid−span 
𝐳 .fyd
 = 
220
 264×435
= 1915 mm 
AS,mid−span= 1915 mm
2 
7 bars with 20 Ø diameter,  𝐀𝐒.𝐏𝐫𝐨𝐯,𝐦𝐢𝐝−𝐬𝐩𝐚𝐧= 7×𝛑×10
2= 2200 mm2 
Position of neutral axis: x =
AS.Prov,mid−span .  fyd
0.8.b.fcd
= 
2200×435
0.8×1000×20
 = 59.8 mm 
ξ = 
59.8
294
 ≤  ξ bal = 0.6 ,  ξ bal =  
ℇcu
ℇcu+ ℇyd
 
ξ = 0.2 ≤ 0.6 ok 
Lever arm: zmid−span,= d-0.4.xm= 294 – 23.9 = 270 mm. 
Bending moment of slab at mid-span = MRd, mid-span =AS.Req,mid−span × fyd × zmid−span = 
2200 × 435 × 270 × 10-6 = 32.9 kN.m. 
MRd, mid-span = 287 kN.m ≥ MEd, mid-span= 220 kN.m..Ok  
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3.4 Preliminary check of punching  
Control perimeters: 6 
 
U0 = 4a, U0 = 1600 mm 
U1 = 4a +2π.2d, U1= 6174mm 
 
Figure 30 -The plan of foundation 
                                                 
6 Prochazka, J; Stemberk, P. Concrete structurs, Praha: Ceske Vysoke Uceni Technicke, 2009. S 97 
This column 
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Figure 31 -Normal forces on columns 
d =hs-c-
∅
2
  = 400 - 50 - 
12
2
=344 mm the effective depth.  
Punching shear resistance of slab and column without shear reinforcement in u0 
 
vRd0 = 
0,4x(0,6(1−30/250))x20 x 0.344 x 1.6 
𝟏.𝟏𝟓 
 = 2140 ≥ 3013 kN the maximum punching shear stress 
is not exceeded, Fulfilled condition. 
It is necessary to increase depth or insert steel beam. 
 
To use 220 S235 material of steel7  
 
Area = 3950 mm2 
vRd,s 
= 3 x 3.950 x102 = 1210 KN 
                                                 
7 https://online.ferona.cz/detail/32659/profil-i-valcovany-za-tepla-din-1025-1-i-220, 5.11.2018, COPYRIGHT © 2017 
FERONA A.S.  
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Ʈ = fy / 2 = 235/1.15 / 2 = 102 MPa  
vRd0 = 2140+1210=3350 ≥ 3013 kN Fulfilled condition. 
 
Punching shear resistance of slab and column without shear reinforcement in u1 
vRd,c = CRd,c k (100.ρi fck)1/3 ≥ (vmin + k1 σcp) where  
k= 1 + √
200
d
 ≤ 2 = 1.7 ok 
ρi = √ρiy. ρiz  ≤ 0.02  
CRd,c = 0.18 /1.5 = 0.1 
K1= 0.1 
vmin= 0.035√k3. fck = 0.42 
vRd,c = 970 kN  ≥ NEd = 3013 kN  punching reinforcement necessary  
The design of punching reinforcement  
vRd,cs =0.75 vRd,c + vRd,s + (d/sr ) Asw fywd,ef (1/u1d) sinα 
Where Asw the area of one perimeter of shear reinforcement around column. 
sr the radial spacing of perimeters of shear reinforcement (mm) 
sr ≤ 0.75d, sr ≤ 0.2 spacing of studs  
fywd,ef the effective design strength of the punching shear reinforcement  
fywd,ef = 250+0.25d ≤ fywd  (MPa) = 336 MPa ≤ 435 MPa   
d= the mean of effective depths 
sinα angle between stud and slab studs are vertical to the slab sin900=1  
vRd,cs =0.75 vRd,c + 1210+ (d/sr ) Asw fywd,ef (1/u1d) sinα 
vRd,cs = 0.75x965 + 1210+ (344/250) 20x336 
dsw = 0.02  
c1 column 1 n = 9 
vRd,cs  = 3110 kN ≥ 3013 kN 
c2 column 2 n = 4 
VRd c =2460 ≥ 2270 kN 
c3 column 3 n = 8  
VRd = 2580≥ 2490 kN 
c4  column 4 n= 6  
VRd = 2720 ≥ 2670 kN  
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4. Beam design  
4.1 The maximum bending moment from the beam kN.m 
MT=Mbeam+ mslab + Nbeam.e  
 
 
Figure 32 -The maximum bending moment on beam on the typical floor 
 
Figure 33 -The maximum bending moment on beam on the typical floor  
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4.2 The maximum shear forces Vz [kN] 
 
 
Figure 34 -The maximum shear forces on beam on the typical floor 
 
Figure 35 -The maximum shear forces on beam on the typical floor 
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4.3 Design of reinforcement 
The design reinforcement of the typical floor 
From support (1)   
MEd, max =154.1 kN.m. (The maximum value) from the first combination CO1. 
For mid-span support (A) from the first combination CO1. 
MEd mid-span, max =95.8 kN.m. (The maximum value) from the first combination CO1. 
Middle support (2)   
MEd1, max =160 kN.m. (The maximum value) from the first combination CO1. 
For mid-span middle support (B) from the first combination CO1. 
MEd mid-span, max =47.6 kN.m. (The maximum value) from the first combination CO1. 
Middle support (3)   
MEd1, max =114.3 kN.m (The maximum value) from the first combination CO1. 
For mid-span middle support (C)    
MEd mid-span, max =58 kN.m. (The maximum value) from the first combination CO1. 
From support (4)   
MEd1, max =106.4 kN.m (The maximum value) from the first combination CO1. 
 
The design reinforcement of beam  
The effective beff of beams in middle support 
The effective flange width beff  depends on the distance lo  between consecutive zero 
moment points and on half the span b1, b2 at both sides of slabs. 
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Figure 36 -Continuous beam of frames: lo8 
Calculate the beff   of the beam: 
The effective flange width beff for a T beam, 
Reinforced concrete floor systems normally consist of slabs and beams that are placed 
monolithically. As a result, the two parts act together to resist loads. In effect the beams have 
extra width at their tops (flanges) resulting on T-beam shaped beams.9 
 
 
                                                 
8 https://www.buildinghow.com/en-us/Products/Books/Volume-B/Structural-model-and-Analysis/Structural-model,     
   1.11.2018 
9 https://www.buildinghow.com/en-us/Products/Books/Volume-B/Structural-model-and-Analysis/Structural-model,     
  5.10.2018 
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Figure 37 -T-shaped section10 
beff =beff,i + bw  b  where beff,i = 0.2b,i + 0.1 l0   l0  
beff,i  bi  
lo=0.15(l1+l2) = 2.04 m 
 beff =b w +b eff,1 + b eff,2 ≤ b lim 
Where beff,1=0.20·b1+0.10·lo≤0.20·lo and beff,2=0.20·b2+0.10 ·lo ≤ 0.20·lo 
b1= 5.6/2 = 2.8 m b2 =6.8/2 = 3.4 m   
blim= bw+b1+b2 = 0.25+2.8 + 3.4 = 6.45m 
The effective width is equal to: 
beff, 1 = min (0.2 b1+0.1 lo, 0.2 lo) = min (0.56 + 0.204, 0.408) = min (0.764, 0.408) 
beff,1 =0.408 m = beff,2  
beff = min (bw + beff,1 + beff,2, blim ) = min (0.3+0.408+0.408 , 6.45)  
beff = 1.11 m 
 
The effective beff of beams in support 
beff = bw = 300mm 
Support (1): 
μsupport,1 =
MEd,,support1 
bB.dB
2 .fcd
=
154.1
0.3×0.4572×20×103
≃ 0.13 , according to μ →  𝛇=0.93 from design 
table for rectangular cross section loaded by bending. 
 μ.. Relative bending moment.  
                                                 
10 https://www.eng-tips.com/viewthread.cfm?qid=429624, 15.11.2018 
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dB… effective height of beam, dB = hB - 
Ø
2
 - ∅SW – c = 500 - 
20
 2
 - 8 – 25 =457 mm. 
The required reinforcement:  AS,support,1 =
MEd,support1 
𝛇.dB.fyd
 = 
154.1
 0.93×0.457×435×103
=  
  AS,support,1= 833 mm
2.  
The area of longitudinal tension reinforcement should not be taken as less than As,min. 
AS,min = 0.26
 fctm
fyk
 bt d = 
2.9
 500×103
0.3 × 0.5 =   AS,support,1= 870 mm
2.  
 3 bars with 20 Ø diameter,  𝐀𝐒.𝐏𝐫𝐨𝐯,𝐬𝐮𝐩𝐩𝐨𝐫𝐭,𝟏= 3×𝛑×10
2= 942 mm2. 
The compressed area of concrete: xsupport,1 =
AS.Prov,support,1 .  fyd
0.8.bB.fcd
= 
1257×435
0.8×500×20
 = 51.2 mm. 
Lever arm: zsupport,1= dB-0.4.xsupport,1= 500 – 20.4 = 479 mm. 
Bending moment of beam at support 1 = MRd, support1 =AS.Req,support,1 × fyd × zsupport,1 = 
942 × 435 × 479 × 10-6 = 196.4 kN.m. 
MRd, support1 = 196.4 kN.m ≥ MEd, support1= 154.1 kN.m..Ok 
 (Mid-span A): 
μmid−span,1 =
MEd,,mid−span1 
bB.dB
2 .fcd
=
95.8
0.3×0.4572×20×103
≃ 0.073 , according to μ →  𝛇=0.964 from 
design table for rectangular cross section loaded by bending. 
 μ.. Relative bending moment.  
dB… effective height of beam, dB = hB - 
Ø
2
 - ∅SW – c = 500 - 
20
 2
 - 8 – 25 = 457 mm. 
The required reinforcement:  AS,mid−span,1 =
MEd,mid−span1 
𝛇.dB.fyd
 = 
95.8
 0.964×0.457×435×103
=  
  AS,mid−span,1= 499 mm
2.  
  3 bars with 16 Ø diameter,  𝐀𝐒.𝐏𝐫𝐨𝐯,𝐦𝐢𝐝−𝐬𝐩𝐚𝐧,𝟏= 3×𝛑×8
2 = 603 mm2. 
The compressed area of concrete: xmid−span,1 =
AS.Prov,midspan,1 .  fyd
0.8.bB.fcd
= 
603×435
0.8×300×20
 = 54,6 mm. 
Lever arm: zsupport,1= dB-0.4.xmid−span,1= 457 – 21,8 = 435.1 mm. 
Bending moment of beam at mid-span 1 = MRd, mid-span1 =AS.Req,mid−span,1 × fyd ×
zmid−span,1 = 603 × 435 × 435.1 × 10-
6 = 114.1 kN.m. 
MRd,mid-span 1 = 114.1 kN.m ≥ MEd, mid-span,1 = 95.8 kN.m..Ok  
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Middle Support: 
μ middle−support =
MEd,red,middle support.1 
b.dB
2 .fcd
=
160
1.11×0.4572×20×103
≃ 0.03, according to μ →  
𝛇=0.985 from design table for rectangular cross section loaded by bending. 
 μ.. Relative bending moment.  
dB… effective height of beam, dB = hB - 
Ø
2
 - ∅SW – c = 500 - 
20
 2
 - 8 – 25 =457 mm. 
The required reinforcement:  AS.Req,s middlesupport,1 =
MEd,middle,support,2 
𝛇.𝑑𝐵Fyd
=
160
0.985×0.457×435×103
= 817mm2.  
  3 bars with 20 Ø diameter,  𝐀𝐒.𝐏𝐫𝐨𝐯,𝐦𝐢𝐝𝐥𝐥𝐞 𝐬𝐮𝐩𝐩𝐨𝐫𝐭 𝟏= 3 × 𝛑 × 10
2 = 942 mm2. 
The compressed area of concrete: xmiddle,support,1 =
AS.Prov,middle,support,1×Fyd
0.8.b.Fyd
= 
 
942×435
0.8×300×20
= 85,3 mm. 
Lever arm: zmiddle ,support 2= dB-0.4.xmiddle,support,1 457 – 34,14 = 422,8 mm. 
Bending moment of beam at middle support,1 = MRd, middle support, 1 =AS.Req,middle support,1 × fyd ×
Zmiddle support,1 = 942×435×422,8×10
-6 = kN.m. 
MRd, middle support,1 = 173.4 kN.m ≥ MEd, middle support,1 = 160 kN.m..Ok.  
 (Mid-span B, C): 
μmid−span,2 =
MEd,,mid−span2 
bB.dB
2 .fcd
=
47.6
0.3×0.4572×20×103
≃ 0.04 , according to μ →  𝛇=0.980 from 
design table for rectangular cross section loaded by bending. 
 μ.. Relative bending moment.  
dB… effective height of beam, dB = hB - 
Ø
2
 - ∅SW – c = 500 - 
20
 2
 - 8 – 25 =457 mm. 
The required reinforcement:  AS,mid−span,1 =
MEd,mid−span2 
𝛇.dB.fyd
 = 
47.6
 0.98×0.457×435×103
=  
 AS,mid−span,1= 245 mm
2.  
 2 bars with 16 Ø diameter,  𝐀𝐒.𝐏𝐫𝐨𝐯,𝐦𝐢𝐝−𝐬𝐩𝐚𝐧,𝟏= 2 × 𝛑 × 8
2 = 402 mm2. 
The compressed area of concrete: xmid−span,1 =
AS.Prov,midspan,2 .  fyd
0.8.beff.fcd
= 
402×435
0.8×1,11×20
 = 9,9 mm. 
Lever arm: zsupport,1= dB-0.4.xmid−span,1= 457 – 3,96 = 453 mm. 
Bending moment of beam at mid-span 1 = MRd, mid-span1 =AS.Req,mid−span,2 × fyd ×
zmid−span,1 = 402 × 435 × 453 × 10
-6 = 79,2 kN.m. 
MRd,mid-span 1 = 79.2  kN.m ≥ MEd, mid-span,1 = 47.6 kN.m..Ok 
Middle Support (3): the design of reinforcement same as middle support 1   
 (Mid- span 3): the design of reinforcement same as II mid-span. 
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Support (4): 
μsupport,4 =
MEd,,support4 
bB.dB
2 .fcd
=
106.4
0.3×0.4572×20×103
≃ 0.09, according to μ  
𝛇=0.953 from design table for rectangular cross section loaded by bending. 
 μ.. Relative bending moment.  
dB… effective height of beam, dB = hB - 
Ø
2
 - ∅SW – c = 500 - 
20
 2
 - 8 – 25 = 457 mm. 
The required reinforcement:  AS,support,4 =
MEd,support,4 
𝛇.dB.fyd
=
106.4
0.953×0.457×435×103
=  
  AS,support,1= 560 mm
2. 
 4 bars with 16 Ø diameter,  𝐀𝐒.𝐏𝐫𝐨𝐯,𝐬𝐮𝐩𝐩𝐨𝐫𝐭,𝟒= 4 ×𝛑×10
2 =804 mm2. 
The compressed area of concrete: xsupport,4 =
AS.Prov,support,4 .  fyd
0.8.bB.fcd
= 
804×435
0.8×300×20
 = 73 mm. 
Lever arm: zsupport,4= dB-0.4.xsupport,4 = 457 – 29.1 = 427.8 mm. 
Bending moment of beam at support 4 = MRd, support,4 = AS.Req,support,4 × fyd × zsupport,4 = 
804 × 435 × 427.8 × 10-6 = 149.6 kN.m. 
MRd, support,4 = 149.6 kN.m ≥ MEd, support,4 = 106.4 kN.m.Ok 
4.4 Beam-bending reinforcement – detailing rules 
ξ =
x
dB
≤ min(ξbal,1 =
700
700+fyd
= 0.6 , 0.45). 
Axial spacing of rebar:  SA ≤ min (2hB; 250) = (2×300; 250) = SA ≤ min (600; 250). 
Clear spacing of rebar = Sc ≥ max (20 mm; 1.2Ø) = (20mm; 1.2Ø). 
For support 1: 
x1
dB
≤ min(ξbal,1 = 0.45) ⟹  
51.3
457
= 0.12 ≤ 0.45 𝐨𝐤.. 
SA,1 =180 mm axial spacing; SC1=160 mm. the clear spacing between bars. (With 2 stirrup). 
For midspan A: 
xmidspan
dB
≤ min(ξbal = 0.45) ⟹  
54.6
457
= 0.09 ≤ 0.45 𝐨𝐤. 
SAA, middle =180 mm axial spacing; SC,A, middle=160 mm. the clear spacing between bars. 
For middle support 2,3: 
xmiddle
dB
≤ min(ξbal,1 = 0.45) ⟹  
23
457
= 0.05 ≤ 0.45 𝐨𝐤. 
SA,2, middle =180 mm axial spacing; Sc,2, middle = 160 mm. the clear spacing between bars. 
For midspan B, C: 
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xmidspan
dB
≤ min(ξbal = 0.45) ⟹
36.5
457
= 0.08 ≤ 0.45 𝐨𝐤. 
SA,B, middle =180 mm axial spacing; SC,B, middle=160 mm. the clear spacing between bars 
For support 4: 
x3
dB
≤ min(ξbal,1 = 0.45) ⟹  
73
457
= 0.15 ≤ 0.45 𝐨𝐤.. 
SA4 =180 mm axial spacing; SC4= 160 mm. the clear spacing between bars. 
4.5 Design spacing of stirrups 
 stirrup Øsw=8mm with 2 legs, n=2, as a results cross-section area of reinforcement for 1  
 
Figure 38 -The shape of stirrups 
stirrup is:  
For spans: ASW=
nπØsw
4
= 
n×π×82
4
= 100.5 mm2 ASW=
nπØsw
4
= 
2×π×82
4
= 100.5 mm2 
The spacing of stirrup for maximum shear forces 
FOR SPAN A 
S1 ≤ 0.75dB = S1 ≤ 0.75 x 457 = S1 ≤ 342 mm, S1 ≤ max (400) mm. 
S1. span1= 250 mm. 
FOR SPAN B, C  
 S1. span2=250 mm.  
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4.6 Shear Reinforcement ratio 
ρsw..min=
0.08×√fck
fyk
 = ρsw.min=
0.08×√25
500
 = 8×10-4. 
For span A:  
 ρsw.1=
Asw
bB×S1
 = ρsw.1.span1=
100.1
300×300
 = 1.1×10-3 > 𝛒𝐬𝐰..𝐦𝐢𝐧=8×10
-4.  …Ok  
ρsw.2=
Asw
bB×S2
 = ρsw.2.span1=
100.1
300×300
  = 1.1×10-3 > 𝛒𝐬𝐰..𝐦𝐢𝐧 =8×10
-4.     …Ok  
For span B, C:  
 ρsw.1=
Asw
bB×S1
 = ρsw.1.span2=
100.1
300×300
 = 1.1 × 10-3 > 𝛒𝐬𝐰..𝐦𝐢𝐧=8×10
-4.  …Ok  
ρsw.2=
Asw
bB×S2
 = ρsw.2.span2=
100.1
300×300
 = 1.1 × 10-3> 𝛒𝐬𝐰..𝐦𝐢𝐧=8×10
-4      …Ok  
Shear reinforcement of the beam is designed and checked, if not checked we can 
increase Øsw, or decrease Si.  
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5. Column design 
5.1 Dimensions of columns  
Dimensions of columns in typical floor 0.4m×0.4m. 
Check the resistance: NRd= 0.8×AC× Fcd + As × 𝜎𝑠 … where Fcd = 20,  𝜎𝑠 =400. 
As=2%, AC = 0.02× AC 
 AC=400×400 =160000 mm
2 (the minimum area of column should be). 
NRd=0.8×160000×20 + 0.02×160000×400 =  
 NRd = 3840 kN ≥ NEd = 3013 kN…. Ok   NRd = 130 % of NEd (safe sized of design). 
 
Figure 39 -Maximum normal forces [kN]  
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Figure 40 -Maximum normal forces [kN]  
 
Figure 41 -Maximum normal forces [kN]  
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5.2 Column-slenderness  
λ=
L
I
 ⇒ λ … . slendersness of column. 
I=   √
I
Ac
= clear height of the column; L = 0.8 hC effective length of column. 
hc = the clear height of the column. 
I = 
1
12
× bcolumn × hcolumn
3  moment of inertia.  
The height of floor is h=3.4, the depth of beam is d=500mm (slab + beam height),  
The clear height of the column for  
Each floor is hc = hcolumn – dB  
 h,clear = 3.4 - 0.5 =2.9 m the clear height of column. 
The effective length of column = L0=0.8×2.9 = 2.32 m the length of column  
Ac= 0.4×0.4 = 0.16 m
2 Cross-sectional area of column  
I column= 
1
12
× 0.4 × 0.42  = 5.3 ×10-3 m4 moment of inertia. 
I= √
I
Ac
 =√
5.3×10−3
0.16
 =0.182 m radius of gyration  
 column slenderness 
  λ=
L0
I
  λ=
2.32
0.16
   λ =14.5 
5.3 Limiting of slenderness  
Calculate the slenderness of column and check it, with the limiting value: 
λlim =
20A.B.C
√n
≤ 75   
A=0.7...Effective of creep. 
B=1.1… effective of reinforcement. 
C… effective of bending moments  
n=
NEd
AC×FCd
  ...Relative normal force  
From software SCIA the maximum normal NEd= 3013 kN.  
n=
3013
0.42×20
=0.941 the relative maximum normal force, see fig.40-41 
Calculate of C factor (effective of bending moment), 
C=1.7 −
M01
M02
 ; where M01, M02 are the maximum values of bending moment in head and 
foot of the column. ǀ M02ǀ >ǀ M01ǀ 
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 Figure 42 -Maximum bending moment 
C =1.7-
M01
M02
= 
C =1.7+
26.4
31.1
= 2.54 
λlim =
20A.B.C
√n
≤ 75  = λlim =
20×0.7×1.1×2.54
√0.941
≤ 75  =𝛌𝐥𝐢𝐦 = 40.4 ok  
The slenderness of column according to euro-code 
  𝛌𝐥𝐢𝐦 ≥  𝛌  the column robust  
𝛌𝐥𝐢𝐦 = 40.4 ≥ 𝛌 =14.5 … ok  
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5.4 The bending moment in typical floor 
 
 
Figure 43 -Maximum normal forces [kN] 
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5.5 Design reinforcement of column  
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ID-Point (0)  
Compression uniformly distributed over the whole cross-section (pure compression) 
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Figure 44 -Interaction diagram 
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6. Analysis of slab in 2nd floor  
6.1 Upper part of slab  
Bending moment on the support direction x  
MEd,S = 70 kN.m. 
 
Figure 45 -Bending moment on the support from direction x 
 
Figure 46 -Digram of bending moment on support direction x  
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The design of reinforcement of slab 
d =hs-c-
∅
2
  = 200 - 25-
12
2
= 169 mm the effective depth.  
z=0.9d, z = 0.9 x 169 =152 mm 
The required reinforcement:  AS,support, =
MEd,support1 
𝐳 .fyd
 = 
70
 152 .4x435
= 1055 mm 
AS,support= 1289 mm
2 
4 bars with 20 Ø diameter,  𝐀𝐒.𝐏𝐫𝐨𝐯,𝐬𝐮𝐩𝐩𝐨𝐫𝐭,= 5×𝛑×10
2= 1257mm2 
Position of neutral axis: x =
AS.Prov,support,1 .  fyd
0.8.b.fcd
= 
1257×435
0.8×1000×20
 = 34.2 mm 
   ξ = 
34.2
169
 ≤  ξ bal = 0.6 ,  ξ bal =  
ℇcu
ℇcu+ ℇyd
  
  ξ = 0.2 ≤ 0.6 ok 
Lever arm: zsupport= d-0.4.xsupport= 169 – 13.6 = 155.3 mm. 
Bending moment of slab at support = MRd, support =AS.Req,support, × fyd × zsupport, 
    = 1257× 435 × 155.3 × 10-6 = 39.3 kN.m. 
MRd, support = 84.9 kN.m ≥ MEd, support= 70 kN.m..Ok 
 
Bending moment on the support direction y 
MEd,S = 62 kN.m.  
 
Figure 45 -Bending moment on the support from direction y 
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Figure 46 -Digram of bending moment on support direction y 
d =hs-c-
∅
2
  = 200 - 25-
12
2
= 169 mm the effective depth.  
z=0.9d, z = 0.9 x 169 =152 mm 
The required reinforcement:  AS,support, =
MEd,support1 
𝐳 .fyd
 = 
63
 152 .4x435
= 952 mm 
AS,support= 952 mm
2 
4 bars with 20 Ø diameter,  𝐀𝐒.𝐏𝐫𝐨𝐯,𝐬𝐮𝐩𝐩𝐨𝐫𝐭,= 5×𝛑×10
2= 1257mm2 
Position of neutral axis: x =
AS.Prov,support,1 .  fyd
0.8.b.fcd
= 
1257×435
0.8×1000×20
 = 34.2 mm 
   ξ = 
34.2
169
 ≤  ξ bal = 0.6 ,  ξ bal =  
ℇcu
ℇcu+ ℇyd
  
  ξ = 0.2 ≤ 0.6 ok 
Lever arm: zsupport= d-0.4.xsupport= 169 – 13.6 = 155.3 mm. 
Bending moment of slab at support = MRd, support =AS.Req,support, × fyd × zsupport, 
    = 1257× 435 × 155.3 × 10-6 = 39.3 kN.m. 
MRd, support = 84.9 kN.m ≥ MEd, support= 62 kN.m.Ok 
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6.2 Lower part of slab  
Bending moment from mid-span direction x  
MEd,m = 25 kN.m.  
 
 
Figure 47 -Bending moment on mid-span direction x  
 
  
 
Figure 48 -Digram of bending moment on mid-span direction x 
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d =hs-c-
∅
2
=   200-25-
12
2
= 169 mm the effective depth.  
z=0.9d, z = 0.9 x 169 =152 mm 
The required reinforcement:  AS,mid−span =
MEd,mid−span 
𝐳 .fyd
 = 
25
 152x435
= 378 mm 
AS,mid−span= 454 mm
2 
5 bars with 10 Ø diameter,  𝐀𝐒.𝐏𝐫𝐨𝐯,𝐦𝐢𝐝−𝐬𝐩𝐚𝐧= 5×𝛑×5
2= 390 mm2 
Position of neutral axis: x =
AS.Prov,mid−span .  fyd
0.8.b.fcd
= 
462×435
0.8×1000×20
 = 10 mm 
   ξ = 
12.5
169
 ≤  ξ bal = 0.6 ,  ξ bal =  
ℇcu
ℇcu+ ℇyd
  
  ξ = 0.075 ≤ 0.6 ok 
Lever arm: zmid−span,= d-0.4.xm= 169 – 5 = 164 mm. 
Bending moment of slab at mid-span = MRd, mid-span =AS.Req,mid−span × fyd × zmid−span = 
462 × 435 × 164 × 10-6 = 32.9 kN.m. 
MRd, mid-span = 29 kN.m ≥ MEd, mid-span= 25 kN.m.Ok 
The maximum bending moment from mid-span direction y  
MEd,m = 27 kN.m. 
 
Figure 49 - Bending moment on mid-span direction y 
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Figure 50 -Digram of bending moment on mid-span direction y 
d =hs-c-
∅
2
=   200-25-
12
2
= 169 mm the effective depth.  
z=0.9d, z = 0.9 x 169 =152 mm 
The required reinforcement:  AS,mid−span =
MEd,mid−span 
𝐳 .fyd
 = 
27
 152x435
= 405 mm 
AS,mid−span= 405 mm
2 
5 bars with 10 Ø diameter,  𝐀𝐒.𝐏𝐫𝐨𝐯,𝐦𝐢𝐝−𝐬𝐩𝐚𝐧= 5×𝛑×5
2= 390 mm2 
Position of neutral axis: x =
AS.Prov,mid−span .  fyd
0.8.b.fcd
= 
462×435
0.8×1000×20
 = 10 mm 
   ξ = 
12.5
169
 ≤  ξ bal = 0.6 ,  ξ bal =  
ℇcu
ℇcu+ ℇyd
  
  ξ = 0.075 ≤ 0.6 ok 
Lever arm: zmid−span,= d-0.4.xm= 169 – 5 = 164 mm. 
Bending moment of slab at mid-span = MRd, mid-span =AS.Req,mid−span × fyd × zmid−span = 
462 × 435 × 164 × 10-6 = 32.9 kN.m. 
MRd, mid-span = 29 kN.m ≥ MEd, mid-span= 27 kN.m.Ok  
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7. Staircase  
7.1 Dimensions of steps: 
 
Figure 51 -Dimensions of staircase  
The type of staircase two flight staircase   
2h+ b = 630 mm, h = riser height, b = tread depth  
H floor / 170 = 20 steps   
h= 170 mm, b = 290 mm. 
Stair slope = 30 0 
2x170 mm + 290 mm = 630 mm dimensions of steps. 
staircase wall = 300 mm per one of the arms. It is solved as monolithic 
Reinforced concrete with concreted grades, thickness. staircases = 100mm. 
 
Figure 47 -Two – flight stairs carrying in two directions 
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Figure 48 – Cross section of staircase  
Permanent load kN/m2 = 
0,17 x 0,29
2 x 0,29
 x 22 = 1,9 kN/m2 
Self-weight = 0.2 x 25 = 5 kN/m2   
From the composition of stair = 1.75 kN/m2 x 1.35 =2.37 kN/m2 
Variable load = 3 kN/m2 x 1.5 = 4.5 kN/m2  
 
Figure 49 - Composition of staircase 
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7.2 Design of reinforcement  
 
 
Figure 50-Bending moment of staircase  
d =hs-c-
∅
2
=   100-25-
12
2
= 69 mm the effective depth.  
z=0.9d, z = 0.9 x 169 =62.1 mm 
The required reinforcement:  AS,mid−span =
MEd,mid−span 
𝐳 .fyd
 = 
11.1
 62.1 x435
= 410 mm 
AS,mid−span= 410 mm
2 
5 bars with 12 Ø diameter,  𝐀𝐒.𝐏𝐫𝐨𝐯,𝐦𝐢𝐝−𝐬𝐩𝐚𝐧= 5×𝛑×6
2= 566 mm2 
Position of neutral axis: x =
AS.Prov,mid−span .  fyd
0.8.b.fcd
= 
566×435
0.8×1000×20
 = 15.4 mm 
   ξ = 
15.4
69
 ≤  ξ bal = 0.6 ,  ξ bal =  
ℇcu
ℇcu+ ℇyd
  
  ξ = 0.22 ≤ 0.6 ok 
Lever arm: zmid−span,= d-0.4.xm= 69 –6.2 = 63 mm. 
Bending moment of slab at mid-span = MRd, mid-span =AS.Req,mid−span × fyd × zmid−span = 
566 × 435 × 63 × 10-6 = 24.3 kN.m. 
MRd, mid-span = 15.6 kN.m ≥ MEd, mid-span= 11.1 kN.m..Ok 
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8. Wall design  
Maximum bending moment from vertical loads  
 
 
Figure 51 -Bending moment from vertical load  
MEd,v = 12 kN.m. 
d =tw-c-
∅
2
=   250 -25-
12
2
= 219 mm the effective depth.  
z=0.9d, z = 0.9 x 219 =197 mm 
The required reinforcement:  AS,v =
MEd,v 
𝐳 .fyd
 = 
12
 219x435
= 125 mm 
AS= 125 mm
2 
3 bars with 8 Ø diameter,  𝐀𝐒.𝐏𝐫𝐨𝐯,𝐦𝐢𝐝−𝐬𝐩𝐚𝐧= 3×𝛑×4
2= 151mm2 
Position of neutral axis: x =
AS..  fyd
0.8.b.fcd
= 
151×435
0.8×1000×20
 = 4.1 mm 
   ξ = 
4.1
219
 ≤  ξ bal = 0.6 ,  ξ bal =  
ℇcu
ℇcu+ ℇyd
  
  ξ = 0.018 ≤ 0.6 ok 
Lever arm: zv,= d-0.4.xv= 219 – 1.64 = 217mm. 
Bending moment of wall = MRd, =AS.Req,v × fyd × zv = 
151× 435 × 217 × 10-6 = 14.2 kN.m. 
MRd, = 12 kN.m ≥ MEd= 14.2 kN.m.Ok 
Spacing of rebars Sv = 250 mm for vertical reinforcement. 
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Maximum bending moment from horizontal loads 
 
Figure 52 –Bending moment from horizontal load  
For the horizontal reinforcement same as in vertical but the spacing of rebars  
Sh = 400 mm for horizontal reinforcement. 
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9. Conclusion 
 When constructing buildings, the contractor is obliged to observe the manufacturer's 
technological regulations as the static engineering has to follow norms, Eurocodes, etc. 
The Eurocodes were followed in the diploma thesis. The static calculation of the entire 
structure was made by SCIA engineer and drawing were made in AutoCAD. 
Design of basic elements of the load-bearing system was carried out. All the elements 
were designed successfully. Dimensions and reinforcement ratios are within the range 
typical for buildings. The drawings describing the designed reinforcement were worked 
out. 
The bending moment on the head and foot of the columns was calculated as combinations 
from the software. Further the check of column in the combination of the maximum bending 
moment and maximum normal force finally connected by lines has resulted with the 
interaction diagram. The slenderness ratio of a column with limiting slenderness were 
figured out. 
The punching reinforcement was successfully worked out. The effective beam was 
computed. 
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